There are two seasons, the rainy season for crop production from September to 8 March, and the dry season, where also the risk of frost increases (Jacobsen et al., 2007) . 9 Drought occurs both as intermittent drought, which is highly unpredictable from year to 10 year, and as terminal drought. Early drought after emergence may lead to a re-sowing 11 and cause an increased risk for suffering from drought under seed filling, a delayed 12 harvest and crop loss (Garcia et al., 2007) . 13 The native seed crop quinoa (Chenopodium quinoa Willd.) which has 14 been cultivated in the Andean region for several thousand years for the supply of highly 15 nutritious food, tolerates several of the abiotic factors that constrain crop production in 16 the Andes ( (Jensen et al., 2000) . Quinoa also avoids the negative effects of drought through its 22 deep, dense root system, reduction of leaf area through leaf dropping, special vesicular 23 glands, small and thick-walled cells adapted to large losses of water without loss of 24 turgor, and stomatal closure (Jensen et al., 2000; Jacobsen et al., 2003) . It is believed 25 that quinoa yields can be stabilized with the help of deficit irrigation by applying only 26 half of the irrigation water as required for full irrigation, replacing evapotranspired 27 water (Geerts et al., 2008) . 28 Increasing soil moisture deficit is normally accompanied by changes in 29 root (ψ r ) and leaf water potential (ψ l ), xylem nitrate concentration, and xylem pH 30 (Bahrun et al., 2002) . Soil moisture represents the available resource of water, 31 controlling plant growth and water use, including reduction of leaf area expansion and 32 stomatal conductance during drought (Davies and Zhang, 1991) . A study of the effect of (Comstock, 2002) . 17 The objective of the present study was to investigate the physiological 18 mechanisms, specifically the role of ABA, that may be involved in the control of 19 stomatal aperture of quinoa during progressive soil drying, and to test the hypothesis 20 that water use efficiency of quinoa was improved during mild soil water deficits. where LA 1 and LA 2 are the leaf areas, and t 1 and t 2 are time (days) between two 9 consecutive harvests. Relative LER (RLER) was calculated as:
Leaf water potential ψ l was measured at midday in a pressure chamber 3.1 Soil water status 30 Changes of water in the pots, measured as FTSW, during the drying cycle, 31 are shown in Fig. 1 . In the well-watered treatment, FTSW was maintained above 0.8. In 32 the drought-stressed treatment, FTSW decreased over time until all the plant available 33 soil water was used, 12 days after imposition of stress in plants at bud formation. The 1 cumulative water use in drought-stressed and well-watered plants at bud formation was 2 similar during the first seven days of the drying cycle. After that there was a significant 3 difference between droughted and control plants. In the well-watered control plants, stomatal conductance g s decreased 7 from 2 to 0.5 mol m -2 s -1 ( Fig. 2a) , with a simultaneous increase in A max from 10 to 20 8 µmol m -2 s -1 ( Fig. 2b ). Under conditions of progressive drought, g s was significantly 9 lower than the controls 5 days after the onset of stress, and declined close to 0 at the end 10 of the drying cycle ( Fig. 2a ). For A max there was a minor, but significant difference 11 between drought-stressed and control plants after 6-9 days, thereafter the drought 12 treatment approached rapidly 0 ( Fig. 2b ).
13
The relationship between relative g s and relative A max was represented by a 14 curvilinear logarithmic function (r 2 = 0.79), indicating an efficient A max (Fig. 3 Drought increased ABA from 2 days after onset of stress, compared to the control 2 treatment, and a large increase in ABA from the xylem occurred after 11 days. 3 The pH of xylem sap collected from plants at bud formation decreased 4 from 6 to 5.5 during the experimental period, with pH of drought-stressed plants 5 different from the control during days 1-5 ( Fig. 7b ). Xylem sap conductivity, which 6 remained at 2-3 mS cm -1 , and xylem nitrate, did not change with soil drying (data not 7 shown). In particular, an adequate supply of nitrate for assimilation to amino acids, 16 together with photosynthesized carbon compounds and their availability for protein 17 synthesis, is essential for metabolism. We found a high nitrogen content of 5-6% of 18 newly developed leaves in quinoa. Total N, which was only slightly influenced by 19 drought, was even higher than found in N-fixating legumes. The carbon content was 20 significantly higher in the control plants than in drought-stressed plants at bud 21 formation, and lower than for example in maize (Loomis and LaFitte, 1987). The soil-water threshold for g s was significantly higher than that for A max .
12
A linear model was tested also to be significant, demonstrating an efficient A max even 13 under continuous soil drying. These findings indicate that drought results in an increase 14 in photosynthetic efficiency and WUE in quinoa (Fig. 4) . 29 demonstrated a stable ψ l for ten days, whereafter ψ l in drought-stressed plants decreased 30 to -2 MPa. In the present experiment, ψ l was maintained at least for ten days, where it 31 was still not below -1MPa (Fig. 5b) . In drought-stressed plants, stomatal closure began 32 when ψ l was -0.8 MPa, whereas ψ r was only slightly affected by drought. the control from onset of drought (Fig. 6) , and apparently more sensitive to drought than 10 g s (Fig. 2a ). This is similar to observations in other crops where leaf expansion is more 11 sensitive to soil water deficits than g s ( indicating that there was an effect of a mild soil water deficit on the production of ABA. 29 The decreasing ψ r and soil water content was followed by a rapid closure of stomata 30 (low g s ) and a decreased LER, whereas the level of A max was maintained for a longer 31 time. 32 Drought stress has been demonstrated to reduce the activity of H + - ethylene reactions should be studied in quinoa. 16 We conclude that during soil drying, quinoa plants, at least the cultivar 17 studied, has a sensitive stomatal closure maintaining leaf water potential ψ l and 18 photosynthesis A max , resulting in an increase of water use efficiency in plants. ABA root 19 signalling plays some role in stomata performance. The apparent lack of significant 20 root-sourced ABA regulation means that quinoa must depend also on hydraulic 21 regulation through a change in turgor or other chemical substances yet to be studied. 
